k 

k 

> 



RING-SHAPED MOTOR CORE WITH TOROID ALLY-WOUND COILS 
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FIELD OF THE INVENTION 

The present invention relates to permanent magnet motors. 

BACKGROUND 

A motor comprises a multi-pole ring-shaped magnet that rotates relative to a stator. 
The stator comprises multiple coils toroidally-wound about a ring-shaped core and sequentially 
spaced from each other along the circumference of the core. 

SUMMARY 

In accordance with the present invention, an electrical machine comprises a 
magnetically permeable core. The core is elongated to thereby define a lengthwise direction and a 
profile that is transverse to the lengthwise direction. Coils are wound about the core profile and 
sequentially disposed along the lengthwise direction. The core profile has a surface that is bowed 
outward. 

In a preferred embodiment, the electrical machine further comprises an axis of 
rotation. The elongated core is ring-shaped and is centered on the axis. The coils are toroidally 
wound about the core and sequentially disposed about the axis. A cavity extends lengthwise 
through the core, and two ports extend from the cavity to outside the core. An elongated magnet is 
parallel with the core and has a magnet profile in which a side surface overhangs the core profile. 
The core profile is surrounded on three or four sides by a magnet. The magnet profile has a surface 
that is bowed inward. The inwardly-bowed surface of the magnet is adjacent and facing the 
outwardly-bowed surface of the core, such that the spacing between the magnet and the core is 
uniform along at least a portion of the bowed-out surface of the core profile. At least one of the 
coils consists essentially of a single layer of turns of wire and is formed of rectangular wire. 
Brackets are installed about the coil-free spaces. The brackets are configured to provide a flat 
peripheral surface defined by the peripheral surfaces of the coils and the brackets. 

DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional perspective view of a motor comprising a first embodiment of 
the present invention; 

Fig. 2 is an expanded sectional perspective view of a core of the motor of Fig. 1; 



Fig. 1; 
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Fig. 3 is a perspective view of a magnet of the motor of Fig. 1 ; 

Fig. 4 is a sectional side view of the core and magnets of the motor of Fig. 1; 

Fig. 5 is a sectional side view of the core, the magnets and backplates of the motor of 



Fig. 6 is a sectional perspective view a disk of the motor of Fig. 1; 

Fig. 7 is a sectional side view of a mold for making the disk of the motor of Fig. 1; 

Fig. 8 is a sectional side view of the disk after being molded but before receiving a 

mounting hole; 

Fig. 9 is a sectional side view of the disk after receiving a mounting hole; 

Fig. 10 is a sectional side view of a rotor comprising a second embodiment of the 
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embodiment; 



Fig. 1 1 is a sectional side view of the rotor comprising a third embodiment of the 

Fig. 12 is a sectional side view of a the rotor comprising a variation of the third 

Fig. 1 3 is a side view of the core and of coils shown in Fig. 1; 

Fig. 14 is an expanded partial view of parts shown in Fig. 13; 

Fig. 15 is a view taken on line 15-15 of Fig. 14; 

Fig. 16 is a view taken on line 16-16 of Fig. 14; 

Fig. 17 is a perspective view of a bracket shown in Fig. 1; 

Fig. 1 8 is a sectional side view of the rotor comprising a fourth embodiment of the 
Fig. 19 is a sectional side view of the rotor comprising a variation of the fourth 
Fig. 20 is a sectional side view of the rotor comprising another variation of the fourth 
Fig. 21 is a view taken on line 21-21 of Fig. 20; 

Fig. 22 is a sectional side view of the motor comprising a fifth embodiment; 
Fig. 23 is a sectional side view of the motor comprising a sixth embodiment; 
Fig. 24 is a sectional side view of the motor comprising a variation of the sixth 

Fig. 25 i s a perspective view of the motor comprising a seventh embodiment; 
Fig. 26 is a perspective view of the motor comprising an eighth embodiment; and 



Fig. 27 is a perspective view of the motor comprising a variation of the eighth 

embodiment. 
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DETAILED DESCRIPTION 

5 An embodiment of the present invention is shown in Fig. 1 . The embodiment ■„ . 

brushless motor 10. A stator 12 of the motor 10 has coil. 14 toroidally wound on a ring-shaped 
core 16. A rotor 18 of the motor 10 has two magnet assemblies 20 that are disposed on either side 
of the core 14 and mounted on a rotatable shaft 22. A stationary plastic housing 24 of the motor 10 
encases the stator 1 2 and the rotor 18. The coils 14 are powered by a motor controller (not shown) 
that actuates the coils 14 in a sequence that rotates the rotor 18 relative to the stator 12. 

The shaft 22 is of steel and is centered on an axis of rotation 26. The shaft 22 is 
received by two bearings 27 that are mounted on the housing 24. The bearings 27 are low-friction 
sleeves configured to enable the shaft 22 to rotate about the axis 26. 

As shown in Fig. 2, the core 16 is centered on the axis 26. The core 16 is bounded 
by two flat side surfaces 30, a cylindrical radially-inner surface 32 and a cylindrical radially-outer 
surface 34. The core 16 has an inner diameter ID C , an outer diameter OD c and a thickness T c The 
cross-sectional profile of the core 16 is rectangular, and can be square. The profile is centered on an 
annular axxs 36, which runs lengthwise through the core 16. The core 16 has a central section 38 
that ls magnetically permeable and resistant to eddy currents that would circulate along the skin of 
the side surfaces 30 of the core 16. To achieve this, the central section 38 is formed of a tightly 
spirally wound steel tape. 

The core 16 also has two annular overlapping sections 42, 43 extending respectively 
along the radially-inner surface 30 and the radially-outer surface 34. Like the central section 38 the 
overlapping sections 42, 43 are magnetically permeable. The overlapping sections 42 43 are 
resistant to eddy currents that would circulate along the skin of any of the surfaces 30, 32, 34 of the 
core 16. To achieve this, the overlapping sections 42, 43 are formed of turns of a magnetically 
permeable wire 44. Alternatively, the overlapping sections 42, 43 can be formed of compressed 
iron-based powder. The ring is coated on all sides with enamel (not shown). 

As shown in Figs. 1, the two magnet assemblies 20 are alike, centered on the axis 26 
and facing each other from opposite sides of the core 16. Each magnet assembly 20 includes a 
ring-shaped magnet 46. As shown in Fig. 3, each magnet 46 is a permanently-magnetized 
multi-pole magnet. Each magnet 46 has two north-south poles 48 interspersed between two 
south-north poles 50. The poles 48, 50 are symmetrically disposed about the axis 26 and aligned 
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^zTot: 52 be,w r neishborins po,es 4s - 50 ex,end ra « ,y «* - «— *>■ ««. 

Each po.e 48, 50 has a generally trapezoid shape with two straight side edges 52, an arcuate 
radially-inner edge 56 and an arcuate radially-outer edoe 58 r„ „ 

formed of «f .u • embodiment, each magnet 46 is 

formed of C8 fernte that ls molded as a single-piece structure. 

ion.' n Fi8 ' 4ShOWStte0riento ' i0n0f,hem ^e.s46rela. i ye.o,hecorel6whe„ tt ,e mo ,or 
1 P., > , assembled. Each magnet 46 has flat ax,al,y-i„„er and axially-outer surfaces 60 62 
Th ^ah>mner surfaces 60 of the magnets 46 are adjacent ,„ and face the s ,de surfaces 30 f he 

c re 16 . The mner diameter ID m of the magnets is sma„er than the inner diameter ID C „ f , he core 
Thus e ach magnet 46 has m imer oveAang m> ^ ^ » . 

eq a, o the spacmg S m between the axiaUy-inner surfaces 60 of the magnets 46. Similarly thl 
outer diameter OC, of the magnets is larger than the outer diameter 0* of the core ,6 Th^ each 
magnet 46 has an outer overhang 65, which is the section of fhe magnet 46 that ..en™/ 
u^d from the core OB c . The radia! length L „ of me outer overhang 65 is also 
eou 1 to , e spacmg S m between the axially-.nner surfaces 60 of the magnets 46. The flux gap G, is 
configured as small as possible to maximize flux. 

As shown in Fig. 5, the magnets 46 are parallel to each other and aligned 
otwltr md ;; ,h - f ~ th - A «■« « > The inner and outer 

Z iT T, ^ 11,6 "* 32. 34 of me 

rjcrt , 6 x r°7 f t- 46 11,31 face ,he core 1 6 - ™ 

4e core 16. The overhangs 64 , 65 repel each other axially outward. These attractive and repulsive 
forces substauttally cancel each other out The overhangs 64, 65 thus reduce stresses in the IJe 
assemblies 20 caused by the attractive force. 

The magnet assembhes 20 (Kg. 1) further have identical ring-shaped backpla.es 68 

Each magne. assembly 20 (F,g. 1) further includes a disk 72, shown in Fig. 6. Each 

Eachdsk 72 a,so has an annular pocket 76 ,„ securely retain the magne^ackplate assembly 70 

a fluM s*t Z T n ° n - magMtiCaIly " contracts as i, hardens from 

flmd state. The material can be zinc or a fiber-reinforced thermoset plastic. 
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shown m Fig. 7. Within the mold 78 the „i„ r 1 ^ ' ^ CaVity > as 

mag„et/bac M a,e assembiy 70 withrn the disk poc J J T^J 0 to *> 

tolled i„ to the rotor Wank 80 a. the center of. , , m ° Un,,ng h °' e 82 is 

magnet assenrbiy 20 shown in K „ „ /, . " y *» baI »« to yield the 

both an hntra, dril]ing locatjon £ "» *>«« tester is an apparalus that ^ 

« ^ dri.ied at the initta, dri,^ I r~ T '"o^or Wank S0 . Then the ^ 
shown in Fig. 9. ^ " ^ "*> *> «- magnet assemWy 20 

surface 32 of the core 16 Thecoreir- ,„ 26 " nd mder| y n 8 "-"^ally-inner 

which can he fomred togetherTa o 1 " °° "~ ^ * "» »** <* 84, 

a^iy between the two ri ^^^"7'* 

radiahy-inner magne, 84 ha ~ s " ""^ ** ~ 4c. The 

north of the nJ^ZTJTT " ^ * 

oe an iron-based ring surrounding the shaft 99 n u 
a portion of the shaft 26 itself. Wn m Fi §- 1 °» 

or can be 

In a third embodiment, shown in Fig. 1 1 the rotor , - . 
magnet 89 centered on the axis 26 ™h n , ■ comprises a radially-outer 

coteiotsthussnrro^dedoL^IZr 

one-ptece structure. The rad^ * ^ "** ^ ^ - a 

of poies as the ring magnets 4S , Wlth Jl^Z T " ^ ^ ~ 
of the ring magnets 46 mi souft ™ *» 'ad,a,l y -o„,er tnagne, 89 adjacent north 

rad.any-outer magM , g9 adjacem ^ ^ rfng ^ 
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46. The radially-outer magnet 89 has an annular backplate 90 »dh ■ , 

of the mgaa , The backpla(e 9Q cm ^ ^ s T t 8 '° 2 radla " y ° Ute »*" 92 

radial.y-ou.er magnet 89 are attached ,o the shaft 22 ,^ h ma8,MtS " ^ 

Alternatively, as shown in Fig. 12 the core i « , k u „ d COfe 16 " 

radially-ouier magnet 89. gh mnU,ar °P™"« 9° in the 

e.ec W ca„ y - JII^^T ' " ^ COi ' S M " ^ — 

A , B , C , etc. The prime after a fetter indicates reverse wincing I„ hi h ^ ' ' 

-is 14, including p rime d and unpriced, are ,„ series with ellth 7 7 *" A 

14 are in series, and the four C coils 14 „ ■ ■ eac h other. Similarly, the four B coils 

^,,, proj ec,,„gcoi,ce„JilT 

geometry rt^U^^*™ ^ ~ ^ ~ 46 * how the 

ran-- .u- " 15 rc,ateo 10 «e geometry of the magnet poles 48 50 Tl, 

(90 ""h'sembodimenObetweencoilcenterlineslOOof,, , 1 The »««'ar spacing 

W between pole centerlines , 02 Simi,ar lv 7 e , ^ ^ 

between coil boundaries 104 of me SPaCmS m ° ' m ^ ™ b °"imen,) 

S3me Smg ' e Ph3Se ^ «* »Hular spacing ( 90») between pole 

The coils 14 in this embodiment are alike Th* ♦ * 
in Kgs. 14-16, w,,h reference to one of the coi J 1 h TT "** ^ " " "'^ 
onelayeroflonrms no Thetumsarec ' 4 ' /" fas -ch coi, Hcomprises 

centerline 1 00. Each tum u " ^ ^ * - °°» 

---.andaradial^^ 

-as a rectangular, preferably souare profife This ,7 , " ^ The ™ 

using round wire. ^ ""^ resistiv « '°- *» a -nutar coil 

of the triangular flanges 122 and the rectangular flange 124 apprTxtoltefy ^^^^ ^ 



# 

rectangular flange 124 abut, th, ™i- „ ""races 30 of the core 16, and the 

<t.ige ' /4 abuts the radially-outer surface 34 of the core l f. n, 
extends to any suitable section ofthe housing 24 (Fie ,„ ™c ntounttng flange 128 

core 16, to the housing 24 Bv f„r • , ^ ,2 °- <"« ltas «" 

. nousmg24. By f,lh„g ,„ , he cojj.fr the bracts t or, 

flat s.de surface defined joinUy by the radially-extending legs 1 1 2 o 1 f ° * ^ 

'0 flanges .22 of the brackets !20 The bracked , 20 ! ^ ^ 

defined jointly by ^ radiallv „ , ^ *° fl "» Pr ° vide a cylindrical surface 

brackets ,20 The" 20 7 " " ^ °°* " ^ ~ ^ >* 
ofthe rotor 1 , , y 2 ^ nd ^ &nC "° nS ' ^ "*« ^ a*— ^ring rotation 
the core 16 to the hoiising^4 'nuintam proper positioning ofthe coil turns 110; and they connect 

rectangular f, a JZ « old 7 ^ 122 «» 

taP ar, s ,or q „eto to nthe m agne«assel™^ 

<he rotor position from signals from Hall effect switch T C ™ 

' current drawn by each nha~ * " ^ to r0 '° r "° si,i « on 
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surfaces 30 as ^ZT^TT' ^ ^ * ^ ^ 

the radial Iy -ou,er surface 34 Tbis r, '^^^^"i********** 

thinnest wLe the 1, ^ ^ " I 7, ' " ^ "» * — < - 

0% .5). winch are the .egs^ c " fr*" " 

gs cod 14 that contnbute the least torque per resistive loss. 
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The surfaces 60 of the magnets 46 tw ^ ,u 

core 16 are bowed inward t0 ^ . gap ~ T ^ <> S — 30 

the periphery of the core proffle " ' " T « " Umfo1 ™ • ^ifican, portion of 

deludes a radia,,y-i„ ne ^ «* *»* — 

op-„ s 134 . As lllustrated m Ws em ,; agnets s 46 °;; c ;; s 12 « — - 

e-h flux line « ls genera|ly ^ ^ 84, 89 an be m a g „e tize d such 4a, 

surface 60 (ha, ,he flux Hue 66 intersects. ' ^ ■"*» 30 *• »W* 

*e protiie of* ^ ™«~ 
sides by rua^e, 46, 84, sT ^ " ^ '° » — on four 

^er feature ofthe invention is shown in Figs 20arni?, tu 
■5 annular cavity ,36 tha, extends circumferential throu g h ,he c„ re 6 " ^ 383,1 

ro::;^^ 

. plated « ^ ^ °" ^ ** ^ ^ ^ 

of *e bac M a<ed mag „e ts 46. Thus T o" ', ^ *" *" «" '« - ~ 

154, ,64. The second md ^ '« - — P-ed between the n.gnets 

suitable nranner. The added stages ,50 IT ' mOU " ted '» te *a ft 22 in any 

s^s is possibie. The nrotor Z^IZ^V T ^ ^ ""^ 

are spaced radially from the core 16 v , nng-shaped magnets 46 

g. ^4, the motor 10 can have only one ring-shaped 
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magnet. In the embodiments of Figs 23a - dM ,,, 

- me magnets 46 radially ovel M ' a,,y -°^ - - * 

,„ . s s e core 16 ln embodiment of Fig 4 

In the previous embodiments (Fig S i_ 2 4) „,„,. „ , 
are each arcuate and form an endless ring How ' ""^ 46 ' 84 - 89 

"agnets 46 can be arcuate and have ends 1 72 Th " inC ° m, * ,e ^ S™'^ 

-gnets 46, 84, 89 have . „ mited range J^J"™ " ^ ^ » - «*odimen, in which the 

In an eighth embodiment shown in Fi„ on «. 
>° move linearly relative to the core !6 The M -| t * d ° n0 * ro,ate ■* rather 

—ally deposed along the length of the ^ IT' I™ 1 '" *°" ^ 16 "« 
-core.^variationofm.sembodimen,:::^^ 

«*. by a magnet ,74 tba, a,so overhangs the core ,6 !n botl »b 7 " °" ^ 

magnets 46, 1 74 have a backplate 68. «*od,ments (Figs. 26 and 27), the 

-hine can be , for example " 1 Z .f , " ^ ^ ~ 

Mention can be used to s rv ZT^T T ^ " * m °' i0n ^ — 
-ve.theeore^F.g.Oispa:!;^!^ embodiments described 
■ 8. .he opposite ,s w.thin , h e scope of the in^oT ' 2 ° " «« rotor 

fonned of separate parts combined together To , " CM ****** be 

•erm "elongated" herein can characterize the sh Zo T 7 " 36 ^ 2) ' T >* 

The embodiments described „h g c,rcumfe ™*«- 

being good examples of or best ^ ~ ^ * " ^in only due to their 
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